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ABSTRACT 
The creation and spatial diffusion of innovation ia a popular 
theme in regional and urban research. The role of c i t ies as transfer 
points and/or f i l t e r s of innovative processes i s increasingly recog-
nized. However, one observes also an increasing doubt concerning the 
contribution of large-scale metropolises to an appropriate transfer of 
new ideas and/or products. 
In th is context, the urban incubator (or breeding place) 
hypothesis i s increasingly gaining popularity. In the paper a coopre-
hensive, but brief sketch of the main components and determinants of 
the incubator hypothesis will be given, based on a systematic l i t e r a -
ture survey and a c r i t i ca l judgement of the underlying views. Next, 
the relevance of the incubator hypothesis in the context of urban 
innovation and diffusion processes will be discussed. Particular 
attention will be paid to an integrated view on innovation, diffusion 
and urban dynamica in the framework of the urban seedbed function. 
Besides, the impact of social overhead capital and of agglomeration 
economies on the production and diffusion of innovations will be 
discussed. Finally, much at tention will be paid to the measurement 
problems of incubation phenomena, while the paper will be concluded 
with a retrospeetive view. 
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1. Introduotion 
In recent years there has been a growing i n t e r e s t in the dynamica of 
ex i s t ing firms and the formation of new f i n n s . The world-wide economie 
s tagnat ion has cal led for a thorough ana lys i s of the conditions that 
may favour the offspring of new economie a c t i v i t i e s . In t h i s context , 
much emphasis has been placed on the growth po ten t i a l of the high-
technology indus t ry . Unfortunately, however, the d i rec t employment 
base of t h i s sector i s r e l a t i v e l y small (ranging from 3 t o 13 percent 
of t o t a l nat ional employment), although through the diffusion and 
widespread app l ica t ion of high-technology products t h i s sector may 
i n d i r e c t l y account for a l a rge r f r ac t i on of t o t a l employment change. 
Consequently, the broader proeess of technological progress , the 
diffusion of technological innovat ions, and the b i r t h of new firms 
deserves much more a t t e n t i o n than the high-technology sector per s e . 
I t i s a l so worth noting tha t a one-sided a t t e n t i o n for the high-
technology sec tor c a r r i e s a r i s k of neglect ing the growth po t en t i a l of 
other new - sometimes smal l - sca le - a c t i v i t i e s outs ide the high- tech-
nology sec to r which might a l so s i g n i f i c a n t l y con t r ibu te to a fur ther 
economie growth. 
Besides, the geographical concentra t ion of new f irms (both ins ide 
and outs ide the high-technology s e c t o r ) does not show a uniform spa-
t i a l p a t t e r n . Both concentra t ion and d i spers ion may occur s imul ta-
neously. For in s t ance , high-technology i n d u s t r i e s (such as microelec-
t r o n i c s - and computer-based firms) can be found in la rge geographical 
concentra t ions l i k e C a l i f o r n i a ' s S i l i c o n Valley or Massachusetts» 
Route 128. Other non d i r e c t l y high-technology based new a c t i v i t i e s are 
often found in older d i s t r i c t s of l a rge r c i t i e s , as these are provid-
ing a seedbed for the emergence of new - often semi-informal - firms 
in a dynamic and often uncer ta in development c l ima te . Consequently, a 
more thorough ana lys i s of the geographical dimensions of i n d u s t r i a l 
dynamics i s warranted. 
In genera l , innova'tion i s considered as one of the key elements in 
the dynamics of the indus t ry . Especia l ly in recent years a wide v a r i e -
ty of s t ud i e s has been published t h a t point out the c lose l i n k s be-
tween (often» bas ic) innovations and the long-term performance of an 
economy. In t h i s context , e spec i a l l y s t r u c t u r a l economie changes and 
long-run f l u c t u a t i o n s ( e . g . , Kondratieff cycles) have t o be mentioned 
(see among o the r s Bianchi et a l . , 1985, Kleinknecht , 1985, and Mensch, 
1979). Such dynamic processes have a c lear impact on the reg iona l and 
urban economie developmcnt, as the l a t t e r phenomenon i s co-determined 
by the product ion, d i f fus ion and adoption of innovations (see Nijkamp, 
1986). 
Various d i scuss ions have taken place on the employment e f fec t s of 
i n d u s t r i a l innova t ions . If one takes a ( l imi ted ) microscopic view on 
the individual finn level, i t is indeed in many cases difficult to 
assert the existence of a clearly positive relationship (see Gunning 
et a l . , 1986). On the other hand, if one'takes a macro3copic view-
point, i t i s no doubt true that innovations increase the competitive 
position of a country or of a region, so that in any case without 
innovations the country or region at hand would be worse off (see 
OECD, 1984). Thus industrial innovation i s inevitable at worst and 
beneficial at best. This dilemma i s closely related to the well-known 
technology-push - demand-pull discussion related to industrial and 
spat ial dynamics. 
In th is context, i t i s useful to make a distinction between the 
production and diffusion process of innovative ac t iv i t ies (see 
also Stonemann, 1983). The production of innovations has an impact on 
the competitive position of a region, while the diffusion influences 
the spat ial distr ibution of the performance or potential of a spatial 
system. Thus both the production and the diffusion of innovations are 
complementary processes in the development process of regions. 
In recent years, the potential and the success of local or regional 
in i t i a t ives in encouraging innovative firm behaviour has also led to 
an increased interes t in the so-called urban incubator hypothesis. 
The main focus of the present paper will be on th i s hypothesis. The 
urban incubator hypothesis takes for granted that ci ty centres provide 
the seedbed for the emergence of new - often small-scale - firms. The 
reason i s that older d i s t r i ets in such c i t i e s provide the breeding 
place for the creation of new ac t iv i t i es due to thei r less structured, 
more f lexible and often inf oraal economy (see Hoover and Vernon, 1959, 
and Vernon, 1960). Later on th is hypothesis was broadened, so that i t 
was assumed that large-scale agglomerations provided the favourable 
conditions for the s t a r t of various types of entrepreneurial ac t iv i -
t ies (see Fagg, 1980, Davelaar and Nijkamp, 1986). Furthermore, i t has 
also been hypothesized more recently, that urban areas provide the 
seedbed for new innovative firms. 
In the l i t e r a t u r e i t i s often stated that certain (parts of) c i t i e s 
are very f e r t i l e concerning the creation of new firms. With regard 
to these (parts of) c i t i e s the term incubation milieu i.s often used 
(cf. De Ruijter , 1983, Steed, 1976, Fagg, 1980, and 30 on). This 
concept can also be related to the innovation potential of c i t i e s 
(cf. De Ruij ter , 1978, Nijkamp, 1985). The essence of th is innovation*» 
incubation hypothesis i s that certain c i t i e s are very f e r t i l e concern-
ing the production and adoption of innovations. In th i s framework, i t 
i s useful to make a clear dis t inct ion between the use of th is hypothe-
s i s for the production and the diffusion process of innovations. A 
very f e r t i l e production environment of innovations. does not necessari-
ly imply a f e r t i l e adoption environment. The central question in th i s 
context i s : Which regions are especially favourable to the production 
3 
(adoption) of innovations? The problem one encounters in trying to 
answer th is question i s then: When i s a region especially fer t i le? 
Given these introductory remarks, th is paper i s organized as fol-
lows. After a general discussion of the location and formation of new 
act iv i t ies (Secion 2), a concise presentation of the main aspects of 
the innovation production process (Section 3) and of the innovation 
diffusion process (Section 4) will be given in the framework of the 
incubator hypothesis. Next, th is concept will be linked to agglomera-
tion economies and social overhead capi tal , foliowed by a discussion 
of measurement problems regarding incubation phenomena. The paper i s 
concluded with some elements of a research strategy. 
2. Formation and Location of New Activities 
Usually, firms seek a location in a certain place for a wide variety 
of complex reasons. The needs and expectations of a firm (the 'demand 
prof i le ' ) on the one hand, and the potential and quality of a certain 
area (the 'supply prof i le ' ) on the other hand determine -jointly the 
locational pattern of new economie a c t i v i t i e s . From a recent report i t 
has become evident that most of the factors con3idered important by 
high-technology and non high-technology firms are similar , although 
they are apparently weighted differently (see Office of Technology 
Assessment, 198H). 
The.geographical pattern of new economie ac t iv i t i e s can be analyzed 
from two different viewpoints, v iz . the macro-economie oriented r e -
gional growth theory and the micro^-oriented industr ial location 
theory. 
The following examples of conventional regional macro growth 
theory can be mentioned: 
- export base theory: this theory presupposes that regional growth 
ra tes are dependent on the region's (interregional or international) 
export performance; multiplier effects are then decisive for the 
growth potential of a region, so that in th i s framework the main 
locational question i s the selection of appropriate new ac t iv i t i e s 
in a given region. 
- factor price equalization theory: th is theory (based on interna-
tional trade theory) takes for granted that mobility of production 
factors depends on their regional return, so that spat ia l equi l i -
brium i s determined by a combination of factor subst i tut ion and spa-
t i a l subst i tu t ion. Consequently, technological efficiency i s then 
decisive for the locational pattern of new a c t i v i t i e s . 
- unbalanced growth theory: this theory focuses on spat ia l diver-
gence as a mechanism of economie growth; regional s t ress factors , 
cumulative causation, and- backwash and/or spread effects are then 
determining the locational picture of a country. Thus the type of 
new ac t iv i t ies i s determining the spatial development pattern. 
- growth pole theory: this theory is based on the notion of centri-
fugal polarization effects from a central region onwards. The suc-
cess of a growth pol e strategy thus depends on the degree of pro-
pulsiveness of new act iv i t ies (including both the generation and 
diffusion of promising growth effects) . 
- product l i f e cycle theory: this theory recognizes that economie 
ac t iv i t i es have different locational requirements at various stages 
of their technological development (innovations need a different 
seedbed than mass products, for instance). Consequently, the loca« 
tional profile i s decisive for the type of new act iv i t ies (includ-
ing their developmental stage) to be located somewhere. 
- diffusion theory: the speed and spatial trajectory of new (innova-
tive) ac t iv i t i e s are determing the performance of entrepreneurial 
i n i t i a t i ve s . In th i s context, various alternative approaches can be 
identif ied, such as the adoption-adaption model, the hierarchical 
diffusion model, the interindustry diffusion model, and the ins t i tu -
tional-management diffusion model. In a l l these cases, the attention 
has to be focused on new ac t iv i t i es that have a maximum performance 
in terms of diffusion pot en t ia l . 
Examples of micro-based industrial location theory cannot easily 
be classified according to major dynamic growth forces. However, i t i s 
possible to make a dist inct ion according to main determinants of 
individual location decisions of firms, such as labour costs , t rans-
portation and communication costs, capital costs, avai labi l i ty of 
land, market access, access to information and research centres, 
quality of l i f e and amenities, taxes, access to venture capital and so 
forth. This micro-oriented approach has gained much popularity in 
recent years. 
The abovementioned theoret ical contributions to the study of the 
location of new ac t iv i t i e s are fa i r ly general in nature and do not 
offer any specif ic insight in the urban-regional dimensions of new 
ac t iv i t i e s (both inside and outside the high-technology sec tor ) . 
Therefore, i t i s conceivable that in recent years a search for more 
sat isfactory explanatory paradigms has s ta r ted . One of the maan impor-
tant paradigms in th i s context has been the urban incubation hypothe-
s i s . In order to provide a proper context for a discussion of th is 
hypothesis, we will briefly discuss the locational dimensions of 
innovation production and innovation diffusion in sect io s 3 and 4, 
respeetively. 
3. Spatial Aspecta of Innovation Production 
In this paper we define local determinants of the production of 
innovations as those factors which are external to the firm, which 
are expected to have an (important) influence on i t s production 
deciaion and which are characterized (among other things) by a specif-
ic spatial orientation. I t i s evident that we may observe a more or 
lesa heterogeneous pattern of such firm-specifie factors in space. In 
our context we will ignore factors which are internal to the firm 
(e .g . , if a new permanent communication atructure (interaction) be-
tween various functional diviaions in a firm has an important influ-
ence on the production of innovations, we con3ider th is as a factor 
internal to the firm, which will not be diacussed here). So the ques-
tion to be treated here i s : what are the major locational determinants 
of the production process of innovations? Or otherwiae: why are cer-
tain regions part icularly f e r t i l e concerning the production of innova-
tions? Aa empirical evidence i s acarce, our diacussion of this issue 
will mainly be theoretical in nature. 
Now the most intriguing question i s : which factors are external to 
the firm that can be considered as locational determinants of the 
to ta l number of innovations produced? 
In our key factor analysis we will identify 4 clusters of major 
driving forces that - given an extensive l i t e r a tu re survey - may be 
assumed to exert a significant impact on the production of innovations 
in a certain place, viz . (1) the compoaition and spat ial size d i s t r i -
bution of sectors , (2) the demography and population structure of an 
area, (3) the information infrastructure, and (1) the physical and 
ins t i tu t iona l infrastructure. The3e 4 clusters will now be briefly be 
diacuaaed. 
(1) Compoaition and Spatial Size Distribution of Economie Sectors 
In the f i r s t place, the moat straightforward factor in thia context 
i s of course the number and type of firma belonging to sector s in 
region r . The regional sectoral composition ia clearly of deciaive 
importance, so that in teating the f e r t i l i t y of certain regions con-
cerning the production of innovations we have to be aware of the 
spat ia l d is t r ibut ion of the various sectors . The mere occurrence of a 
large number of produced innovations in a region may to a large extent 
be explalned by a re la t ive ly high concentration of innovative sectors 
within th i s region (cf. Anderaaon and Johansson, 1984). 
Next, the spatxal concentration of similar firma may play a ro le , 
as th is may resu l t in lower co3ts (a jo in t sharing of certain overhead 
costs , e . g . ) , but also in a higher awareness of the actions of the 
competitors, or a higher need to innovate in order to a t ta in a share 
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of the market (cf. Mouwen, 1984, and Hansen, 1980). As a r e s u i t of 
these higher incent ives to innovate, more innovations may be produced 
in regions with a higher concentrat ion of s imilar f i rms. 
On the other hand, the s p a t i a l c lus te r ing of d i s s imi la r firms may 
a l so influence the production process of innovations in a pos i t ive way 
because of a d ive r s i t y of buyers and suppl ie rs close at hand (cf. 
Thwaites, 1981, Car l ino , 1978, Hoover and Vernon, 1959, and Vernon, 
1960). As innovations often have to be ohanged during the ' i n t r o d u c -
t ion phase ' , the 'producer* of the innovation often has to change h is 
product more or l e s s d r a s t i c a l l y . A higher d ive r s i t y of suppl ie rs may 
reduce the r i s k s involved in t h i s process of change and consequently 
increase the number of innovations being produced. In t h i s context one 
can a lso consider the s p a t i a l c lus t e r ing of R & D departments of 
d i f fe ren t firms and public R & D i n s t i t u t i o n s (Si l icon Valley, e .g . ) 
and the r e su l t ing pos i t ive e f fec t s ( c r o s s - f e r t i l i z a t i o n of ideas , good 
oppor tun i t i e s to s t a r t new innovative firms because of subcontract ing, 
spin-off , e . g . ; cf. Aydalot, 1985, a n d S t ö h r , 1985). 
I t should be added however, tha t according to some authors there may 
a l s o be c e r t a i n l i m i t s with regard to s p a t i a l sca le advantages (cf. 
Mouwen, 1984, Nijkamp and Schubert , 1983, and Camagni and Diappi, 
1985). The impl ica t ion of t h i s argument i s tha t c e r t a i n diseconomies 
may come to the fore in case the s p a t i a l concentra t ion of firms (and 
populat ion) becomes too l a rge with respect to the e x i s t i n g capaci ty of 
the area at hand. With regard to the important cent res of R & D j u s t 
mentioned, Malecki (1979°) has indeed found some evidence concerning 
these hypotheses (implying deconcentrat ion of R & D d iv is ions of firms 
away from the l a r g e s t urban a r e a s ) . 
Besides, the s p a t i a l d i s t r i b u t i o n of the var ious s i z e ca t ego r i e s 
of firms may be re levan t for the s p a t i a l d i s t r i b u t i o n of innovations 
produced. I t i s important to note in t h i s context t h a t l a rge firms 
seem to spend more on R & D (as a percentage of s a l e s ) than sraall 
firms do (cf. Cape l l in , 1983, Hoogte i j l ing , 1984, Malecki, 1979a , 
and Dasgupta, 1982). Also the l a rge firms produce the highest number 
of innovations (cf. Kok e t a l . , 1985, and Thomas, 1981). The small 
f i rms, however, seem to have a higher p roduc t iv i t y concerning the 
production of innovations (cf. Cape l l in , 1983, Hoogte i j l ing , 1984, and 
Malecki, 1979 a ) . Capel l in (1983, p . 464) s t a t e s : " I t seems, more-
over, t ha t the p roduc t iv i ty of R & D expenditure i s h ighes t for small 
firms in terms of patent or output growth". I t i s i n t e r e s t i n g to 
observe in t h i s context t h a t Rothwell and Zegveld (1982) claim tha t 
small and l a rge firms are complementary. This i s bes t i l l u s t r a t e d by 
means of the following c i t a t l o n : "Thus we see a c e r t a i n complementary 
i n t e r a c t i o n between the l a rge and the sraal l , the na tu re of the r e l a -
t i onsh ip being based on t h e i r r e l a t i v e s t r e n g h t s ( e . g . small f i rm ' s 
en t rep reneursh ip ; l a rge f i r m ' s access to r e s o u r c e s ) " ( p . 247). In t h e i r 
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opinion the re ex i s t s an 'optimal mix' between the number of small and 
la rge f i rms . At f i r s t s i g h t , we are tempted to infer that large firms 
may be more favourable to a region concerning the t o t a l number of 
innovations produced than small f i rms. In case the argument of Roth-
well and Zegveld nas a re levance, the 'mix e f f e c t ' , however, may be 
more important . So, in tha t case we may s t a t e tha t the s p a t i a l s ize 
d i s t r i b u t i o n i s of considerable importance. 
In the current regional l i t e r a t u r e one can a lso observe a boom in 
a t t e n t i o n paid to mul t i - loca t iona l firma (cf. Pred, 1977). The 
spread of mul t i -p lant firms i s expected to influence the s p a t i a l 
production of innovat ions. So the loca t ion of the various types of R & 
D may be determined by the s p a t i a l d i s t r i b u t i o n of the various *compo-
nents ' of these f i rms . 'Basic research ' could be a t t r a c t e d to the 
loca t ion of the head o f f i ce s , and 'development and appl ied ' research 
to the loca t ion of 'branch p l an t s ' (cf. Howells, 1984, and Thwaites, 
1981). 
(2) Demography and Population S t ruc tu re 
An important fac tor often mentioned in the l i t e r a t u r e i s the t o t a l 
number of people l i v i n g in a region (or c i t y ) . Malecki (1979, p . 
226), for example, remarks: "There i s an increas ing r e l a t i o n s h i p 
between R & D a c t i v i t y and c i t y s i z e , suggest ing increas ing economies 
of urban s i z e for R & D". In t h i s context one should be aware of the 
fac t tha t R & D can be considered as an input to the production pro-
cess of innovat ions . The r e l a t i o n s h i p between R 4 D input and output 
( innovat ions) i s c e r t a i n l y not independent (cf. Mansfield, 1968). 
Often a spec i a l subgroup of the t o t a l se t of people i s considered to 
be important: the number of t echn ica l , managerial or R & D personnel 
(cf. Andersson and Johansson, 1984, Mouwen and Nijkamp, 1985, De Jong 
and Lambooy, 1985, Johansson and Nijkamp, 1986, Bushwell et a l . , 1983, K 
Malecki, 1979b , Oakey, 1983, and Thwaites, 1981). As R & D personnel 
can be considered as a labour input i n to the production process of 
innovat ions , i t i s l og i ca l to include t h i s va r i ab l e in group ( 2 ) . 
From a demographic viewpoint, the exis tence of minori ty groups in 
a region i s sometimes supposed to influence the production of innova-
t ions p o s i t i v e l y (cf. De R u i j t e r , 1983, Pred, 1977). This can be 
' exp la ined ' by the fac t t ha t such groups 'have nothing t o l o o s e ' , so 
t ha t they have a lower r i s k avers ion and a higher propensi ty to t r y 
something new. I t may a l so be the case tha t those people s t a r t t o 
in t roducé {'"oducts or s e rv i ces which a re f ami l i a r t o . the i r na t ive 
country but not in t h e i r new home country. So the inf luence of a 
segmented populat ion composition in a region on the production of 
innovat ions i s expected to be p o s i t i v e . 
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Another important key factor i s the influence of agglomeration s ize 
on the production of innovations. Malecki and Varaiya (1986, p . 7) for 
example remark: "Agglomeration economies play a mul t ip le r o l e : they 
promote technica l progress and higher p roduc t iv i ty . " I t i s convenient 
to discr iminate these economies in to l o c a l i z a t i o n and urbanizat ion 
economies (cf. Car l ino, 1978, and Hansen, 1980). By l o c a l i z a t i o n 
economies we mean advantages in a system that r e s u l t from the s p a t i a l 
concentrat ion of firms in the same s ec to r , while urbanizat ion econo-
mies refer to advantages which r e s u l t from the s p a t i a l concentrat ion 
of firms in d i f ferent s e c t o r s . To a c e r t a i n extent these advantages 
are r e l a t e d to the ' l o c a t i o n a l determinants ' discussed above (for 
example, information exchange). In Biehl et a l . (1986) i t i s s t a t ed 
tha t agglomeration economies refer to ' ex t e rna l economies' which are 
r e l a t e d to s i z e and concent ra t ion . 
(3) Information Infras t ruc tu re 
Thi rd ly , information a v a i l a b i l i t y i s general ly regarded as a major 
determinant of innovation. The term i t s e l f incorporates severa l d i -
verse components of knowledge t r a n s f e r . Various components may be 
d is t inguished by d i sc r imina t ing between d i f fe ren t *senders ' of the 
information, the ' r e c e i v e r s ' being in each case the innovation pro-
ducing f i rms . We wi l l d i s t i ngu i sh 3 d i f f e ren t sources of information. 
In t e r - f i rm contact p a t t e r n s deal with mutual p r i va t e information 
exchange between f i rms . As Pred (1977) has already noted, every ex-
change of goods and se rv ices between firms i s accompanied by informa-
t ion exchange. Thus the flow of goods and se rv ices between regions can 
be seen as a 'proxy ' for t h i s kind of information exchange. In t h i s 
way Pred shows that these kinds of information flows are highly spa-
t i a l l y biased ( i . e . , urban based) (see a l so Norton, 1979, and Anders-
son and Johansson, 1984). The production of innovations may be st imu-
l a t ed by means of t h i s kind of information exchange, mainly because 
firms in the cent re of these information flows are aware of market 
o p p o r t u n i t i e s , market imperfec t ions , and so on (cf. Nijkamp, 1982, 
Pred, 1977). So in t h i s case we may expect tha t a higher i n t e n s i t y of 
goods and se rv ices exchange r e s u l t s in a more in t ens ive information 
exchange and, consequently, in more innovations being produced. 
Public research i n s t i t u t e s , u n i v e r s i t i e s , i n s t i t u t e s of technology 
and knowledge t r a n s f e r c en t r e s are expected to inf luence the innova-
t ion p o t e n t i a l of the regions in which they a re loca ted in a pos i t i ve 
way (cf. Malecki, 1979b, Gibbs and Thwaites, 1985, De Jong and 
Lambooy, 1985, Feldman, 1984, and Mouwen, 1985). Firms may consul t 
these o rgan iza t ions in case they have t echn ica l and marketing pro-
blems. Also the sp in-of f impl ica t ions need t o be mentioned in t h i s 
context (cf. Van Ti lburg and Van der Meer, 1983, and Rothwell and 
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Zegveld, 1982). Oakey (1983) even remarks: "However the importance of 
local American un ive r s i t i e s may be in t h e i r ro le of providers of 
'apin-off' ' entrepreneurs and s k i l i e d workers than in terms of i n t e rac -
t ive co l labora t ion with ex i s t ing firms"(see p . 244). People working in 
research i n s t i t u t i o n s may a lso begin with the production of a new 
commodity by e s t ab l i sh ing a new innovative firm. Often t h i s finn wil l 
be located near the parent i n s t i t u t i o n because of subcontracting with 
t h i s i n s t i t u t i o n , or because a founder often loca tes his new firm near 
h is place of residence (cf. Gudgin, 1978, and Aydalot, 1985). I t i s 
thus expected tha t a higher concentrat ion of the above mentioned 
i n s t i t u t i o n s wi l l influence the innovation production po ten t i a l of a 
region in a pos i t ive way. 
Demographic and s p a t i a l i n t e r ac t i on pa t t e rns exert in general a lso 
a pos i t ive influence on the innovation po ten t i a l of a region (cf. 
Vernon, 1960, and Pred, 1977). For example by means of an in tens ive 
flow of customers to a c e r t a i n region (or c i t y ) , firms located in t h i s 
region have the advantage of a permanent and in tens ive information 
exchange with t h e i r customers. In t h i s way they can keep abreas t of 
c e r t a in developments in consumer t a s t e s and may adjus t t h e i r innova-
t ion s t r a t e g y accordingly. So a higher i n t e n s i t y of personal i n t e r a c -
t ion i s l i k e l y to influence the t o t a l number of innovations produced 
in a pos i t i ve way. In t h i s framework we may a l so mention the impor-
tance of ' f ace to face ' contacts for the innovation production process 
(cf. Lambooy, 1984, Pred, 1977, Batten, 1981, Kok e t a l . , 1985, Moss, 
1985, and Nijkamp and Schubert , 1983). Clear ly , with regard to t h i s 
communication f a c t o r , metropol i tan regions are normally in a favour-
able p o s i t i o n . 
(4) Physical and I n s t i t u t i o n a l I n f r a s t r u c t u r e 
Cul tu ra l and educat ional amenit ies ( t h e a t r e s , cinemas, l i b r a r i e s , 
a r t g a l l e r i e s and so on) may influence the production of innovation in 
a pos i t i ve way. This can be explained as fo l lows. Highly educated R & 
D personnel can be considered as a scarce input concerning innovation 
(cf. Malecki and Varaiya, 1986), so tha t R & D i n s t i t u t i o n s of p r iva t e 
firms cannot be considered as foo t loose . Often they have to l oca t e 
where t h e i r personnel wants to l i v e in order t o a t t r a c t adequate 
research personnel (cf. Feldman, 1984, Bushwell et a l . , 1983). Those 
people seem to be often a t t r a c t e d t o c i t i e s with many c u l t u r a l and 
educat ional amenit ies (cf. Aydalot, 1984, Cappel l in , 1983, Malecki and 
Varaiya, 1986, and Howells, 1984). Malecki and Varaiya (1986) even 
remark: 'These workers favor a t t r a c t i v e urban regions where c u l t u r a l , 
educat ional and a l t e r n a t i v e employment oppor tun i t i e s a re abundant". 
The l o c a t i o n a l preferences of R & D personnel may have a s i g n i f i c a n t 
inf luence on the l o c a t i o n of R & D a c t i v i t y and in t h i s way on the 
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production of innovations in amenity-rich reg ions . 
Physical c l imate and environmental q u a l i t i e s may a l so influence 
the production of innovations in a pos i t ive way by means of the same 
mechanism sketched above: the a t t r a c t i o n of highly s k i l l e d R & D 
personnel . Malecki and Varaiya (1986) explain the r i s e of ce r t a in 
Sunbelt s t a t e s in the U.S. by means of such a kind of mechanism. Also 
in France some evidence concerning t h i s hypothesis can be found (cf. 
Aydalot, 1984). 
Moreover, i t i s a l so worth noting tha t the a v a i l a b i l i t y of public 
(physical) i n f r a s t ruc tu r e i s sometimes considered as a necess i ty to 
the production of innovat ions. "In conclusion, the a v a i l a b i l i t y of a 
s a t i s f a c t o r y i n f r a s t r u c t u r e cap i t a l stock ( in i t s broadest sense) 
shapes the necessary condit lons for innovative capac i t i e s in an area" 
(Nijkamp, 1982, p . 6 ) . In t h i s context Feldman (1984). poin ts to the 
need of many firms in bio-technology to be located in the v i c i n i t y of 
an a i r p o r t . 
The f inancing of innovative products or se rv ices i s often problema-
t i c (cf. Feldman, 1984). Therefore, the s p a t i a l pa t t e rn .o f i n s t i t u -
t ions of fer ing venture cap i t a l can be considered an important ' explan-
a to ry ' va r i ab l e to the regional d i s t r i b u t i o n of the innovations pro-
duced (cf. Bushwell et a l . , 1983, Thwaites, 1981, Lambooy, 1978, 
Stohr , 1985, Oakey, 1983, Mouwen, 1984, and Rothwell and Zegveld, 
1982). Stöhr for example e luc ida tes the r o l e of venture c a p i t a l in h i s 
d iscuss ion of the Mondragon project in Spain. 
A l a s t f ac to r to be mentioned in t h i s context concerns i n s t i t u t i o n -
a l arrangements (cf. Aydalot, 1984, Rothwell and Zegveld, 1982, and 
Brown, 1981). In t h i s connection one can think for example of various 
r egu la t ions which may be s t imu la t ing or demotivating the production of 
innova t ions . There i s , however, a se r ious lack of ins igh t i n t o the 
p rec i se e f f ec t s of such i n s t i t u t i o n a l measures. 
In conclusion, from the l i t e r a t u r e one can der ive many urban and 
regional f ac to r s which a re expected to influence the t o t a l number of 
innovations produced. The empir ical evidence concerning the re levance 
of each fac to r s e p a r a t e l y , however, i s r a the r s c a r c e . The ove ra l l 
impacts r e f l e c t i n g the above arguments are summarized in Figure 1. 
C l ea r ly , the explanatory va r i ab l e s may be in terdependent . In the above 
scheme we have not drawn a l l these l i n k s , but in the following s e c t i o n 
more a t t e n t i o n wi l l be paid to t h i s i ssue in r e l a t i o n to the d i f fus ion 
of innovat ion . 
In the above scheme the dependent variê d e i s the t o t a l number of 
innovat ions produced in a reg ion . So in comparing and expla in ing the 
innovat iveness of d i f f e r e n t regions we should compare the d i f f e ren t 
i n t e n s i t i e s ( ' v a l u e s ' ) of each of these explanatory ( l o c a t i o n a l ) 
f a c t o r s . Thus, region A may produce more innovat ions than region B, 
FIGURE 1: PROQUCTION OF INNOVATIONS IN A REGION 
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simply because region A has ceteris paribus a larger number of innova-
tive firms within its boundaries. If one is not interestëd in such a 
scale effect, one has to compare the total number of innovations 
produced per firm (in a certain sector) in both regions; this issue 
will be taken up in section 6. 
*** Diffusion of Innovations in a Spatial Context 
The literature on innovation diffu3ion is quite extensive, in both a 
theoretical and empirical sense. In this section we will especially 
concentrate on the diffusion of technical-economie innovations. As 
stated before, the diffusion process may be more important than the 
pure effects of production of innovations. Consequently a region or 
country may even attain a strong position in the world market by just 
importing innovations that have been produced elsewhere (cf. Rothwell 
and Zegveld, 1985). This does not imply, however, that the production 
process of innovations'is irrelevant. In the first place, firms lo-
cated in the producing region may have a larger access to the innova-
tions produced. Secondly, exporting produced innovations may be quite 
profitable. 
The question to be raised in this section is: What are the location-
al determinants of the innovation diffusion process? Or stated other-
wise: Why are certain regions so attractive regarding the adoption of 
innovations? In the following we will again focus attention on the 
external determinants of the diffusion of innovations. In some cases a 
few remarks in relation to the explanatory factors will be sufficiënt, 
because they have already been discussed in the foregoing section. It 
will be useful to distinguish between supply and demand side 
factors (cf. Brown, 1981). 
We will start with some supply side factors. Brown (1981) stated 
that the innovation diffusion research has especially concentrated on 
demand side factors (cf. the adoption perspective of Hagerstrand, 
1967), whereas supply side factors may be (equally) important. The 
essence of the supply side approach is that the supplier of an innova-
tion may pursue a certain strategy with important locational implica-
tions. This strategy may of course in part be determined by factors 
internal to the firm (profit rate, market perception and so on), but 
these factors will not be discussed here, as they may to a large 
extent be firm-specifie. We will only concentrate on those locational 
factors which may influence the choices made by firms concerning the 
distribution (centres) of (produced) innovations. The literature 
concerning the supply side factors is rather scarce however, as only 
recently attention has been paid to this issue. 
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Three main classes of determinants wil l be discussed here, v i z . (1) 
sec to ra l composition, (2) information network, and (3) agglomeration 
economi e s . 
(1) Sectoral composition 
'To a ee r t a in extent we can expect that the t o t a l number of (innova-
t ive) i'irms in a region wi l l influence the .supply of the various 
innovations p o s i t i v e l y . The ro l e of mul t i - loca t iona l firma also nas 
to be s t r e s sed in t h i s context (cf. Pred, 1977). In f a c t , sometimes 
innovations are only diffused within a (mul t i -p lant ) firm. So in 
t h i s case the s p a t i a l organizat ion of the mul t i - l oca t iona l firm wil l 
determine the s p a t i a l supply pa t t e rn of innovat ions . 
(2) Information network 
The spatial concentration of information flows is a second factor 
which needs to be mentioned in this context. It is noteworthy that 
information between (dis-)similar firms may result in imitative 
behaviour. In case a firm recognizes that a competitor supplies a 
certain innovation, it may 'follow the leader' (cf. Brown, 1981, 
Nijkamp and Schubert, 1983). As a matter of fact, an adequate 
communication infrastructure may reduce the costs of supplying the 
innovation or it may even occur that the availability of certain 
infrastructural components is a necessity for supplying the innovation 
(cf. Brown, 1981). 
(3) Agglomeration Economies 
Agglomeration economies may s t imula te the number of innovations 
suppl ied , because the suppl ie r can expect a higher demand po ten t i a l 
and l e s s r i s k s in iraproving the innovation (because of a d i v e r s i t y of 
inpu t - supp l i e s and an in t ens ive contact with po t en t i a l customers) (cf. 
Andersson and Johansson, 1984, Mouwen, 1984, and Heinemeyer, 1978). 
The in t roduc t ion of a new product or se rv ice often r equ i r e s a minimum 
' th reshold ' concerning the number of firms and/or the s i z e of 
populat ion (cf. Koerhuis and Cnossen, 1982, Andersson and Johansson, 
1984, and Lambooy, 1978). 
Next, we wi l l d i scuss demand s ide f a c t o r s . Four d i f f e ren t 
ca tegor ie s wi l l be considered he re , v i z . (1) s e c t o r a l s t r u c t u r e , (2) 
communication network, (3) agglomeration advantages, and (4) phys ica l 
i n f r a s t r u c t u r e . 
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(1) Sectoral s t ruc tu re 
The number and s ize of firms wil l in general exert a pos i t ive 
influence upon the number of innovations demanded in a region (cf. 
Cappel l in , 1983, and Howells, 1984). As the influence of t h i s var iab le 
i s again s t ra ight forward i t wi l l not be discussed any further in t h i s 
s ec t ion . 
The s p a t i a l d i s t r i b u t i o n of the various s i ze ca tegor ies of firms 
i s a l so expected to influence the innovation demand po ten t i a l of a 
region (cf. Davies, 1979). In Davies' model, for example, the most 
s i g n i f i c a n t explanatory va r i ab l e of innovation adoption i s the s i ze of 
the f i rm. Large firms may be in a favourable pos i t ion concerning the 
adoption of innovations because of l a rger ( i n t e r n a l ) r e sources . 
In regional research the re i s a tendency to s t r e s s the r o l e of mul-
t i - l o c a t i o n a l organiza t ions in explaining regional economie pheno-
mena (cf. Holland, 1979). This phenomenon can a l so be observed in the 
study of innovation d i f fus ion . Pred (1977) and Malecki 0 9 7 9 a ) for 
example s t r e s s the r o l e of mul t i -p lan t f i rms , although i t i s very 
d i f f i c u l t to iden t i fy t h i s f a c t o r . Qften one can observe a reasonably 
i n t e g r a t e d production and diffusion process . By t h i s we mean tha t the 
R & D departments of these firms 'produce ' c e r t a i n innovations which 
a r e afterwards diffused to the severa l branch p lan t s of the firm 
( the re i s only l imi ted information, goods and se rv ices exchange be-
tween establ ishments of a m u l t i - l o c a t i o n a l f i rm) . Although i t i 3 
d i f f i c u l t to hypothesize on the expected inf luence , the r o l e of these 
firms in r e l a t i o n to innovation di f fus ion may be qu i t e su rp r i s i ng and 
even causing per iphera l regions to have a r e l a t i v e l y high degree of 
innovation adoption (because the branch p lan t s of these firms are t o a 
c e r t a i n extent loca ted in per iphera l regions because of r e l a t i v e l y low 
wages and low congestion; cf. Thwaites, 1981, and Oakey, 1983). 
(2) Communication network 
Not everybody seems to be equal ly r ecep t ive to the adoption of 
innovat ions . In t h i s context the term 'op in ion l e a d e r s ' i s sometimes 
used for ac to r s who are the f i r s t to accept an innovat ion (cf. Brown, 
1981, and Malecki, 1982). These opinion l eade r s are e s s e n t i a l for a 
fu r ther d i f fus ion of innovations because informal communication be-
tween adopters and p o t e n t i a l adopters seems to be e s s e n t i a l to the 
adoption of the innovat ion among the great mass of people (cf. Rogers, 
1983, Pred, 1977, Bat ten , 1981, and tok e t a l . , 1985). So the s p a t i a l 
d i s t r i b u t i o n (and number) of 'op in ion l e a d e r s ' may be an e s s e n t i a l 
component of the demand for innova t ions . 
Information a v a i l a b i l i t y w i l l inf luence the demand for innovat ions 
p o s i t i v e l y (cf. Brown, 1981, Hagerstrand, 1967, Nijkamp, 1982, Malecki 
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and Varaiya, 1985, Batten, 1981, Pred, 1977). In the f i r s t place one 
can expect a greater awareness among po ten t ia l adopters in case the 
information a v a i l a b i l i t y incpeases. Secondly, a highep infopmation 
a v a i l a b i l i t y may incpease imi ta t ive behavioup of the poten t ia l 
adopteps (cf. Pped, 1977, Hagepstpand, 1967, and Bpown, 1981). Brown 
(1981) even s t a t e s that in accopdance with the 'adoption perspect ive ' 
(cf. Hagepstpand, 1967) infopmation flows ape fundamental! 
(3) Agglomepation Advantages 
Some authops hold the opinion tha t agglomepation economies wi l l 
s t imula te the numbep of innovations adopted in a pegion (by households 
and f i rms ) . To a ceptain extent these agglomepation economies are 
pe la ted to the othep var iab les mentioned in t h i s s ec t ion . These mutual 
r e l a t i o n s wi l l be s tudied l a t ep on in t h i s papep. Now some more a t t e n -
t ion wi l l be paid to the peason why agglomepation economies wil l 
influence the innovatioo adoption p o s i t i v e l y . In the f i p s t place one 
can point to the pos i t i ve influencec of s p a t i a l c lu s t e r ing on the i n -
fopmation exchange between fipms and people (cf. Mouwen, 1984, Hei-
nemeyep, 1978, and Lambooy, 1978). Secondly, i t may then be l e s s 
cos t ly to supply the innovations because of lowep t ranspopta t ion and 
communication cos t s (cf. Bpown, 1981). Thipdly, the numbep of face 
to face con tac t s wi l l incpease in lapge agglomepations. These con-
t a c t s can of course be consideped as a spec i a l subgpoup of infopmation 
exchange, but accopding to many authops t h i s element i s of such impop-
tance t h a t i t needs to be mentioned sepapately (cf. Lambooy, 1973, 
Heinemeyep, 1978, Pped, 1977, Nijkamp and Schubept, 1983, Nopton, 
1979, and Bat ten , 1981). Batten (1981), fop example, s t a t e s tha t the 
soc i a l dimension of innovation adoption i s of papamount impoptance. 
(4) Physical Infpastpuctupe 
A l a s t factop to be mentioned in t h i s sec t ion i s the inf luence of 
phys ica l infpastpuctupe (cf. Bpown, 1981, Mouwen, 1984, Nijkamp and 
Schubept, 1983). Bpown fop example s t a t e s : "Thus the chapac tep i s t i c s 
of the r e l evan t publ ic and ppivate infpastpuctupes - such as sepvice , 
de l ivepy, infopmation, t panspor t a t i on . . . a l so have an important 
inf luence upon the pa te and s p a t i a l pa t tepning of d i f fus ion" (p . 9 ) . 
Bpown a l so shows tha t some innovat ions (computeps) can only be adopted 
in case physical in fpas tpuc ture i s c lose at hand. The a v a i l a b i l i t y of 
physical infpastpuctupe w i l l of coupse a l so pa i s e the extent of agglo-
mepation economies to be gained in a cep ta in region and (consequently) 
the i n t e n s i t y of infopmation exchange between fipms and people . 
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In t h i s sec t ion we have discussed several loca t iona l fac tors in f lu -
encing the diffusion of innovations, and indicated how and why the 
innovation diffusion process may be s p a t i a l l y biased. Schematically 
the above arguments can be summarized by means of a key factor analy-
s i s (see Figure 2 ) . In t h i s f i gu re , i t i s sketched how the perception 
of innovation supply v i sna -v i s po ten t i a l demand in the various regions 
influences the p robab i l i ty tha t c e r t a in innovation d i s t r i b u t i o n een-
t r e s will be located in the reg ion . The more of these centres a region 
r ece ives , the more innovations wi l l be supplied in t h i s region. I t i s 
a l so sketched how several demand s i de fac tors may influence the t o t a l 
numbers of innovations demanded in t h i s region. The In t e rac t ion be-
tween t o t a l demand and supply wi l l r e s u l t in the ac tua l number of 
innovations adopted i n a region (during a c e r t a i n period of t ime) . 
In the context of the present paper, we are espec ia l ly i n t e r e s t e d in 
the e f fec t s of agglomeration economies and soc ia l overhead c a p i t a l 
on the innovation po ten t i a l of firms in a region ( i . e . , the po t en t i a l 
of firms to produce and-adopt innovat ions) , e spec ia l ly in the frame-
work of the urban incubation hypothes i s . These i ssues wi l l be taken 
up in the next s e c t i o n . 
5. The Concepts of Agglomeration Economies and Socia l Overhead 
Capi ta l Reconsidered 
In t h i s s ec t i on we wi l l concentra te on the influence of two major 
determinants of the innovation po t en t i a l of a r eg ion . From the f o r e -
going i t w i l l be c lear t h a t we w i l l (again) d i s t i n g u i s h between the 
production and dif fusion process of innovat ions . In the foregoing 
sec t ions we have presented two schemes ( f igures 1 and 2) concerning 
these p rocesses . In the following we wi l l d iscuss how the elements of 
agglomeration economies and soc i a l overhead c a p i t a l are expected t o 
inf luence ( in a t h e o r e t i c a l sense) the production and dif fusion of 
innovat ions . Before turn ing to t h i s i ssue however, we have t o define 
more p r e c i s e l y the concepts of soc i a l overhead c a p i t a l (SOC) and 
agglomeration economies. 
Agglomeration economies mean t h a t a s p a t i a l concent ra t ion of people, 
f i rms , i n s t i t u t i o n s and so on, i s favourable in severa l r e s p e c t s . 
Hirschman (1958) defines s o c i a l overhead c a p i t a l as fol lows: "SOC i s 
usual ly defined as comprising those bas ic se rv ices without which 
primary, secondary, and t e r t i a r y , product ive a c t i v i t i e s cannot func-
t i o n " ( p . 83 ) . The term soc ia l overhead c a p i t a l does not only r e f e r to 
physical i n f r a s t r u c t u r e in the s~nse of roads , ra i lways ( 'band' i n f r a -
s t r u c t u r e according to Biehl et a l . , 1986), but has a l so a meaning for 
severa l educat ional and c u l t u r a l amen i t i e s . 
Agglomeration economies on the o ther hand a r e determined by two 
dimensions, v i z . , the number of people and firms in a reg ion and the 
FIGURE 2: SPATIAL DIFFUSION OF ItfNOVATIQNS 
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dis tance between them. Thus, various loca t iona l fac tors sketched in 
Figure 1 a re r e l a t e d to t h i s concept (for example, the number of 
people and firms in a region, physical i n f r a s t ruc tu r e , and so on) . 
In the following f igures we wi l l sketch how a r i s e in agglomeration 
economies or soc ia l overhead cap i t a l might work out on the t o t a l 
number of innovations produced in a region. In these f igures i t wi l l 
be assumed, for the ease of presen ta t ion , tha t the re i s no l im i t 
(bot t leneck) to agglomeration economies (assuming away for the moment 
the exis tence of diseconomies). 
Figure 3: Determinants of agglomeration economies and soc i a l overhead 
cap i t a l and t h e i r influence on the production of innovations 
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In the above scheme we have supposed tha t the agglomeration econo-
mies in a region are independent of the c h a r a c t e r i s t i c s of other 
r e g i o n s . Although t h i s assumption may not be r e a l i s t i c in some cases , 
we can defend our argument by s t r e s s i n g tha t agglomeration economies 
imply advantages ( to firms and people) of s p a t i a l c l u s t e r i n g . I t i s 
important to c l a r i f y t h i s more c l e a r l y . Let us assume tha t we are 
s tudying a country with four regions and t h a t a c e r t a i n firm has been 
e s t a b l i s h e d in region 1 ( s i t u a t i o n I ) . 
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Situation I 
region 
1 
Firm 1 region 
3 
Suppose that in each region 2, 3 and 4 a new firm ia established 
(e .g . , a aubcontractor or rival of firm 1). This will resul t in eer-
tain (positive and negative) effeets on the operating costa and pro-
f i t s of firm 1 in region 1 (situation I I ) . 
Situation II 
region 
1 
Firm 1 Firm 2 
Firm 3 Firm 4 
region 
3 
The important point to note in thia context i s however that we will 
not classify these effects under the heading of agglomeration (dis-) 
economies, as agglomeration economies do not refer to the mere exis-
tence of firma, but to the poaitive effeeta to be gained from spa-
t i a l clustering of these firma. Although i t i s diff icul t to decide 
on the question when we are allowed to use the term apatial c luater , 
we will assume that the distances between industr ial concentrations 
for each pair of regiona are large enough to allow for each region 
agglomeration economiea, the only exception being the case in which a 
certain industr ial concentration crosses several boundaries. 
In case we would not use the cr i te r ion of spat ial clustering, the 
differences between the concepts of agglomeration economies and demand 
and supply potential would be negligible. Of course there are certain 
advantages to be gained from being located in a 'centra l place' with 
regard to demand and supply (the contents of the concepts of supply 
and demand poten t ia l ) , but i t i s not the contents of the concept of 
agglomeration economies which i s concerned with the (dis)advantages of 
spat ia l c lus ter ing. As stated before, i t i s d i f f icul t to specify the 
exact c r i te r ion concerning spat ia l c luster ing. In the following we 
will assume, however, that the size and shape of the regions concerned 
(no agglomerations croasing regional boundariea) have been composed in 
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such a way that every increase in the number of firms (or people), or 
decreases in the distances between them, oan be classified under the 
heading of agglomeration economies in only one region. In examining 
figure 3 we can observe that the term agglomeration economies com-
prises several explanatory locational factors of the production 
process of innovations. Up to a certain point (beyond which 
diseconomies might s t a r t ) we expect the influence of agglomeration 
economies on the production process of innovations to be posit ive. 
The same can be said concerning the influence of social overhead 
capital , which i s to a large extent an instrument of government 
policy. In the f i r s t place the effect of physical infrastructure on 
agglomeration economies will be positive (by reducing the average 
distance between producers and consumers). Secondly, the effect of 
cultural and educational amenities (both being a part of social 
overhead capital) on the production process of innovations in a region 
i s expected to be positive, because th is will increase the 
attractiveness of the region for highly educated R & D personnel (and 
as a consequence a t t rac t R & D departments and ins t i tu t ior is) . 
Now we will turn to the expected influence of agglomeration econo-
mies and social overhead capital on the adoption (diffusion) process 
of innovations in a region. Firs t we will present in Figure ^ which 
factors of Figure 2 determine the extent of agglomeration economies 
and social overhead capi ta l . Secondly, the effects of both concepts 
concerning innovation diffusion will be sketched. 
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Figure 4: The ef fec ts (and determinants of) agglomeration economies 
and soc ia l overhead cap i ta l on innovation diffusion. 
Investments of go-
vernment and f irmsH""* 
in: 
cu l tu ra l and educa-
t iona l amenities 
number of firms in 
in region 
i n t e n s i t y of infor-
mation flows between 
f inns and people 
l v 
number of people 
in region 
+ 
> t 
a v a i l a b i l i t y of 
opinion l eade r s 
+ 
number of innova- agglomeration 
t ions adopted in iA- economies + 
region 
< 
+ 
/ 
investments of physical 
firms and govern- + inf ras t r u c t u r e 
ment in physical 
i n f r a s t r u c t u r e 
p robab i l i ty tha t 
d i s t r i bu t i on (cen -
t r e s ) of innova-
t ions wi l l be l o -
cated in the r e -
^ gion and probabi-
l i t y of adoption 
by households and 
firms 
number of innova-
t ions adopted in 
region 
In the above scheme i t i s ind ica ted how agglomeration economies and 
s o c i a l overhead c a p i t a l might inf luence the d i f fus ion of innova t ions . 
Ju s t l i k e in Figure 3 both concepts are not independent. An inc rease 
in physical i n f r a s t r u c t u r e wi l l diminish the r e l a t i v e d i s t ances be-
tween firms and consumers and consequently r e s u l t in inc reas ing agglo-
meration economies to be gained. 
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A ce r t a in part of these agglomeration economies will consis t of in ten-
s i f i e d information flows in the spec i f i e region. I t may a l so be the 
case tha t these flows wil l increase between regions because of physi-
cal i n f r a s t ruc tu re investments . As we have already sketched before i n 
Figure 2, both concepts are ( in a t heo re t i ca l sense) expected to 
influence both supply and demand of innovation p o s i t i v e l y , so tha t 
more innovations wil l be adopted in the region. 
In conclusion, the influence of both agglomeration economies and 
soc ia l overhead cap i ta l i s expected t o be pos i t ive both concerning 
production and diffusion of innovat ions. I t i s however qu i t e a d i f f i -
cu l t task to t e s t such hypotheses empir ica l ly . A major problem i s of 
course to gather re levant data , because in general both concepts are 
d i f f i c u l t to quant i fy. With regard to agglomeration economies a 
p o s s i b i l i t y would for example be to use ce r t a in ' p r o x i e s ' concerning 
these economies (cf. Kawashima, T971», Car l ino , 1978, and Hansen, 
1983). With regard t o soc ia l overhead c a p i t a l i t would perhaps be 
poss ib le t o use the .approach foliowed in the Bienl repor t (1986). 
Another p o s s i b i l i t y would of course be t o use the data of some inqui -
r i e s concerning the innovative behaviour of firms (cf. Kleinknecht, 
1984, and Hoogte i j l ing , 1984) and to t r y t o assess the influence of 
these concepts . An important problem of t h i s approach, however, may be 
tha t f i rms/en t repreneurs are not e x p l i c i t l y aware of the inf luence of 
these f a c t o r s . The mere awareness of an innovation by a c e r t a i n firm 
may be caused by the fac t tha t i t i s loca ted in a region ( c i t y ) with 
very in t ens ive information f lows. Yet i t may occur t h a t the e n t r e p r e -
neur wi l l not unambiguously asc r ibe h is adoption of the innovation to 
h i s l oca t i on in an information r i c h environment. In s e c t i o n 7 some 
concluding remarks wil l be made concerning the ana lys i s of the i n f l u -
ence of agglomeration economies and s o c i a l overhead c a p i t a l on the 
production and dif fusion of innovat ions . Before turn ing t o t h i s i s s u e , 
however, we w i l l descr ibe in the next s ec t i on how the production and 
di f fus ion of innovations can be measured. 
6. Measurement of the Production and Diffusion of Innovations 
General Measurement Problems 
Suppose we are s tudying the production process of innovations in 
sec to r s and tha t we have 'd i scovered ' the complete model of innova-
t ion production which has the following (simple) s t r u c t u r e : 
I P r s = I N F r s + S- N F r P + 5 L s 0 C r ' 
in which: 
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IP r s » number of innovations produced in sector s in region r 
NFrs= number of firms in region r in sector 3 
NFrp= number of firms in region r in sector p (an important 
subcontract ing part of sector s , i . e . p c s ) . 
SOCr» index of the a v a i l a b i l i t y of socia l overhead cap i ta l 
in region r 
Now l e t us fur ther suppose tha t we are only studying two regions A 
and B. The re levant data concerning these regions are as follows: 
A: NFAs- 50, NFAp= 400, S0CA= 125 -• IPAB" 1 0 0 
B: NFBs= 100, NFBp= 80, S0CB= 200 • I P B S * 100 
So we observe the same number of innovations produced in both r e -
g ions . As we are (only) i n t e r e s t e d in the question whether c e r t a i n 
regions are e spec ia l ly f e r t i l e concerning the production (adoption) of 
innovat ions , i t seems necessary to compensate for the t o t a l number of 
firms in sec to r s which a re located in both r eg ions . So .we might be 
more i n t e r e s t e d in the t o t a l number of innovations produced per firm 
in both r e g i o n s . 
In region A the t o t a l number of innovations produced per firm be-
comes 2, while in region B t h i s number becomes 1! Consequently, firms 
in region A are more productive than firms in region B, so tha t we 
might conclude tha t region A may have a more favourable incubat ion 
environment for the production of innovat ions . This conclusion i s 
however not unambiguous. For example, i t may be poss ib le to 'compen-
s a t e ' a l s o for the number of firms in sec tor p . In t h i s case we are 
only i n t e r e s t e d in the following comparison: 
As Bs _ 
A J*NF, + NF/ 7 4NFD + NFD B 
AS Ap Bs Bp 
in order t o answer the quest ion which region i s espec ia l ly favour-
able for the production of innovat ions . As IA < I B in t h i s case , 
we would conclude tha t region B i s e spec ia l ly favourable concerning 
the product ion of innovat ions . I t i s not d i f f i c u l t to imagine tha t in 
p r i n c i p l e one might a l so be w i l l i ng t o 'compensate' for the quant i ty 
and q u a l i t y of S0C in both r eg ions . The r e s u l t of such a procedure 
would be t h a t both regions are equal ly ' p r o d u c t i v e ' . 
On the bas i s of the above exe rc i se the conclusion may be drawn t h a t 
i t i s not at a l l c lear how the incubat ion concept with regard to the 
production of innovations should be t e s t e d ( the same can be s a i d 
concerning the d i f fus ion process of i nnova t ions ) . Both conceptual ly 
and s t a t i s t i c a l l y i n t r i g u i n g problems appear t o emerge regarding the 
incubator phenomenon, which have not yet s a t i s f a c t o r i l y been solved i n 
the l i t e r a t u r e . 
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Production of Innovations 
In many respec t s the data concerning the production of innovations 
i s inadequate. Usually, there are no data ava i lab le in which the 
number and qua l i ty of the innovations produced are being r e g i s t e r e d . 
This implies that one has to use ce r t a in ind i r ec t ind ica tors regarding 
the production process of innovat ions. The following ind ica tors may be 
used: 
" Output Data. These data may re fer to the r i s e in sa l e s and/or pro-
duc t iv i ty of a ce r t a in firm. The main problem here i s of course to 
iden t i fy whether such changes in economie performance can be a s -
cribed to innovations or to general labour or cap i t a l p roduct iv i ty 
r i s e s , market changes, e t c . 
- Licenee or pa ten t da ta . The use of these ind ica to r s has the d i s -
advantage tha t not a l l firms wil l apply for l i cences or patents be-
cause t h i s often does not prevent imi ta t ive behaviour from the s ide 
of t h e i r r i v a l s . Nor does l i cence or patent data give us usual ly any 
information about the qua l i ty of the innovat ion. In add i t ion , pa tent 
s t a t i s t i c s are biased as l a rge r companies are usual-ly over represent -
ed he re . Globally speaking, one can make. a d i s t i n c t i o n between im-
por tant and l e s s important innovat ions , the important innovations 
being those for which the producer wi l l apply for l i cences or pa-
t en t s more than once. 
- The volume of inputs being used in the production process of inno-
va t i ons . In t h i s case one could think of the percentage of non-manu-
al workers in the t o t a l workforce of a region or firm (cf. Oakey, 
1983), R & D as a percentage of t o t a l s a l e s of a f i rm, number of 
R & D personnel working in a firm or reg ion , or r e l a t e d measures. 
The idea behind t h i s approach i s e s s e n t i a l l y a c e r t a i n production 
funct ion of innovations which r e l a t e s output (number and qua l i t y of 
innovat ions) to c e r t a i n inputs (R & D personnel , R & D c o s t s , and so 
on) . Although a c e r t a i n r e l a t i o n s h i p between R & D inputs and ou t -
puts cannot be denied (cf. Mansfield, 1968), i t i s not at a l l c lear 
how such a production funct ion should be s p e c i f i e d . One may even 
quest ion the production function approach in t h i s context (cf. Nel-
son and Winter , 1982). 
- Inventory of awards regarding innovations tha t have been produced. 
The fac t t h a t not a l l innovations wi l l rewarded, however, i s an im-
por tan t disadvantage of t h i s approach. 
- Design of f i rm-or ien ted i n q u i r i e s (cf. Hoogte i j l ing , 1984, and 
Kleinknecht , 1984). Then one can t r y t o d i sen tang le the ques t ion 
whether a c e r t a i n innovat ion in a firm has been produced wi th in t h i s 
firm or has been adopted. An important weakness of t h i s approach, 
however, i s the non-uniformity of the i n t e r p r e t a t i o n of the innova-
t ion concept from the s ide of the e n t r e p r e n e u r s . 
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So the measurement of the production of innovations can be considered 
as a d i f f i c u l t task . Given the above mentioned complications one can 
only t r y to approximate t h i s production process as good as poss ib le . 
Clear ly , t h i s problem i s not uniquely r e s t r i c t e d to the produetion 
process of innovations, as will be shown in the next sec t ion in which 
we wil l discuss the measurement of the diffusion process of innova-
t i o n s . 
Diffusion of innovations 
In regard to the diffusion process one should be aware of the fac t 
tha t diffusion i s a dynamic phenomenon. As a consequence one can only 
t r y to measure the degree of diffusion (of a c e r t a i n innovation) a t a 
c e r t a i n moment in t ime. 
In case the object ive i s to t r y to study the whole diffusion path 
through time t h i s wil l require a high Standard of r e l i a b i l i t y and 
completeness concerning the innovation diffusion data (cf. Hager-
s t rand , 1967). This wil l be poss ib le for a l imi ted number of innova-
t i o n s , however, for example in case the ' s e l l e r ' of the innovation nas 
complete records concerning the buyers of the innovation (cf. Pred, 
1977, Hagerstrand, 1967). 
As already noted, such complete data wi l l only be ava i l ab le for a 
very l imi t ed number of innovations and as a consequence one has to 
r e l y again on an 'approximation* method, for example by means of 
i nqu i r i e s (cf. Hoogte i j l ing , 1984, and Kleinknecht, 1984) or l i cence 
da ta . These approximations have the same disadvantages as have already 
been discussed under the heading of the production process of innova-
t i ons. 
In conclusion, in many cases we do not have complete data concerning 
the production and di f fus ion process of innovat ions . As a consequence 
we have to r e l y on c e r t a i n approximations concerning these da ta . A few 
of these approximations and t h e i r l i m i t a t i o n s have been discussed 
above. In the next s e c t i o n , some concluding remarks wi l l be made. 
7. Inf luence of Agglomeration Economies and Social Overhead Capi ta l 
on the Innovation P o t e n t i a l of a Region: A Retrospect 
- Innovat ions are often considered to be of paramount importance for 
the economie well being of a country, region or f i rm. Due t o t h i s 
(supposed) importance, innovation s t u d i e s are at present enjoying 
much popu l a r i t y . Further behavioural analyses of the production 
and adopt ion of i m o v a t i o n are no doubt warranted. 
- The innovat ion p o t e n t i a l of a region should be divided i n t o the po-
t e n t i a l of a region to produce innovat ions and the p o t e n t i a l t o 
adopt innova t ions . To a c e r t a i n ex t en t , both processes a re comple-
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mentary. 
- Innovations are produced and adopted in a ce r t a in s p a t i a l context , 
so tha t a cent ra l issue i s the loca t iona l determinant(s) of inno-
vat ion production and adoption in these reg ions . 
- According to these determinants some regions may be more f e r t i l e 
concerning the innovations p o t e n t i a l . In t h i s context one could use 
the term ' incuba t ion mil ieu ' analogous to the incubation hypothe-
s i s of c i t i e s with regard to the generat ion of new firms (cf. Hoover 
and Vernon, 1959, Jacobs, 1961). 
- In genera l , agglomeration economies and soc ia l overhead c a p i t a l 
are two elements of the incubation mil ieu of a reg ion . 
- Given the i n t e r e s t of these fac to rs for the innovation po t en t i a l of 
a region, one may apply a key fac tor analys ia which s tud i e s the 
(expected) influences of these concepts on the production and d i f fu-
sion of innovat ions . These influences (of soc ia l overhead c a p i t a l 
and agglomeration economies) concerning the innovation po t en t i a l of 
a region may be expected t o be p o s i t i v e . 
- In genera l , i t i s p l aus ib le to assume tha t agglomeration economies 
are not t r a n s f e r a b l e across regional boundaries because the cen t ra l 
i ssue of t h i s concept i s the advantagea to be gained from s p a t i a l 
c l u s t e r i n g . 
- With regard t o soc ia l overhead cap i t a l i t i s meaningful to follow 
the multidimensional p r o f i l e approach adopted i n the Biehl repor t 
(1986). In t h i s case , however, we should s t r e s s those elements of 
soc ia l overhead c a p i t a l which a re expected t o be of spec ia l r e l e -
vance to innovation production and d i f fus ion . 
- The subdiv is ion of agglomeration economies i n t o d i f f e r en t constitu^-
en ta , proposed among others by Hansen (1980), Carl ino (1978), and 
Kawashima (1974), could be useful for measuring the extent of agglo-
meration economies to be gained in the various r eg ions . 
- I t i s of paramount importane to t e s t the hypotheses whether the i n -
fluence of agglomeration economies and s o c i a l overhead c a p i t a l on 
innovat ion production and dif fusion i s s i g n i f i c a n t l y d i f f e ren t in 
the var ious regions of the s p a t i a l system concerned. 
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